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(57) Abstract 

Problem: 

To provide a binder for nonwoven fabrics which 
dissolves in town water but which does not dissolve in 
solutions which contain more than 0.5% neutral 
inorganic salts comprising mono-valent ions, such as 
NaCl, KC1 and NaBr for example. 
Means of Resolution: 

Binder for nonwoven fabrics, comprising a water 
soluble polymer, being a copolymer of (A) acrylic acid 
and/or methacrylic acid and (B) at least one type of 
monomer selected from among the group comprising the 
alkyl esters of acrylic acid and the alkyl esters of 
methacrylic acid which have alkyl groups which have 
from 1 to 18 carbon atoms, in which the ratio (A) /(B) 
(by weight) is from 1/9 to 9/1, wherein from 2 to 70 
mol% of the structural acrylic acid or methacrylic acid 
is in the form of a salt. 



Scope of the Patent Claims 

[Claim 1] 

Binder for nonwoven fabrics comprising a water 
soluble polymer, being a copolymer of (A) acrylic acid 
and/or methacrylic acid and (B) at least one type of 
monomer, selected from among the group comprising the 
alkyl esters of acrylic acid and the alkyl esters of 
methacrylic acid which have alkyl groups which have 
from 1 to 18 carbon atoms, in which the ratio (A) / (B) 
(by weight) is from 1/9 to 9/1, characterized in that 
from 2 to 70 mol% of the structural acrylic acid or 
methacrylic acid is in the form of a salt. 
[Claim 2] 

Binder, according to Claim 1, wherein the (B) 
component monomer is of least one type selected from 
among the group comprising butyl acrylate, 2-ethylhexyl 
aery late, butyl methacrylate, and 2-ethylhexyl 
methacrylate . 
[Claim 3] 

Binder, according to Claim 1, wherein the average 
molecular weight is within the range from 5,000 to 
100,000. 

Detailed Description of the Invention 

[0001] 

Technical Field of the Invention 

The invention concerns binders for nonwoven 
fabrics of which the dissolution behaviour changes 
according to slight differences in the salt 



concentration in the water. More precisely, the 

invention concerns binders for nonwoven fabrics which 
dissolve in ordinary town water but which are insoluble 
in water which contains more than 0.5 wt% of neutral 
inorganic salt comprising mono-valent ions, such as 
NaCl, KC1 or NaBr for example. 
Prior Art 

It is known that the polymer is precipitated by 
salting out when an inorganic salt which is an 
electrolyte is added to an aqueous solution of a water- 
soluble polymer. Furthermore, it is known that at 
least about 0.5 wt% (referred to hereinafter simply as 
%) of salt is contained in bodily fluids such as human 
urine for example. Hence, polymers which are soluble 
in town water but insoluble in aqueous solutions which 
contain 0.5% salt have been developed and these have 
been used as leak-proof films which are leak-proof with 
respect to bodily fluids but which dissolve on flushing 
down the toilet. However, anionic polymers of acrylic 
acid and carboxymethylcellulose sodium salt, for 
example, are weak with respect to their change in 
solubility in electrolyte aqueous solutions and, for 
example, in the case of salt water, the material does 
not become insoluble unless the concentration is at 
least some 4 to 5%. Furthermore, in the case of non- 
ionic polymers such as hydroxyethylcellulose and 
poly (vinyl alcohol) (PVA) the change in solubility 
starts as the salt concentration increases but a 



concentration of about. 10% in the case of salt water 
is required for the material to become insoluble, and 
these polymers cannot be used alone to provide the 
abovementioned leak-proof films. Various investigations 
have been carried out in this respect. For example, 
alkali cellulose ether sulphate is disclosed as a means 
of making use of the difference in solubility in water 
which contains salt in Japanese Unexamined Patent 
Application (Kokai) S50-52371. However, the difference 
in solubility between town water and 0.5% salt water of 
the said sulphate is unclear, and the alkali cellulose 
ether sulphate is manufactured by sulphating a 
cellulose derivative such as ethyl cellulose and there 
is a disadvantage in that the polymer cost is 
comparatively quite high. 
[0002] 

On the other hand,, combinations of acrylic acid 
based polymer and poly (vinyl alcohol) (PVA) (Japanese 
Unexamined Patent Application (Kokai) S48-75647) , 
carboxyl group containing vinyl polymers crosslinked 
with multi-valent metal salts (Japanese Unexamined 
Patent Application (Kokai) S49-10539.6) , the use of 
alkali soluble resins such as vinyl acetate 
unsaturated carboxylic acid copolymers (Japanese 
Unexamined Patent Application (Kokai) S49-112742), the 
use of vinyl acetate/crotonic acid co-polymers and the 
like (Japanese Unexamined Patent Application (Kokai) 
S49-117139), and the establishment of acrylic acid 



es ter-unsaturated carboxyiic acid copolymer 

films on one side of a water soluble resin film 
(Japanese Unexamined Patent Application (Kokai) 50-73) 
have been disclosed. However, these films are all 
dissolved by treatment with water which has been 
rendered alkaline and they do not dissolve on simply 
being introduced into town water. 
Problems to be Resolved by the Invention 

Hence, the aim of the present invention is to 
provide binders for nonwoven fabrics which dissolve in 
town water but which do not dissolve in aqueous 
solutions which contain more than 0.5% neutral 
inorganic salt comprising mono -va lent, ions, such as 
NaCl, KC1 and NaBr for example. 
[0003] 

Means of Resolving These Problems 

The invention is based upon the discovery that 
the - abovementioned problems can be resolved by, using 
as a binder for nonwoven fabrics, a water soluble 
polymer obtained by the copolymerization of at least 
two types of specified monomer and neutralizing a 
specified proportion of the carboxyl groups of the said 
monomers. That is to say, the invention provides 
binders for nonwoven fabrics comprising water soluble 
polymers, characterized in that copolymers of (A) 
acrylic acid and/or methacrylic acid and (B) at least 
one type of monomer, selected from among the group 
comprising the alkyl esters of acrylic acid and the 



alkyl esters of methacrylic acid which have alkyl 
groups which have from 1 to 18 carbon atoms are of a 
ratio (A) /(B) (by weight) from 1/9 to 9/1, and from 2 
to 70 mol% of the structural acrylic acid or 
methacrylic acid is in the form of a salt. 
[0004] 

Execution, of the Invention 

The component (A) monomer used in the invention 
is acrylic acid and/or methacrylic acid. The component 
(B) monomer used in the invention is an alkyl ester of 
acrylic acid or an alkyl ester of methacrylic acid of 
which the alkyl group has. from 1 to 18 carbon atoms, 
and preferably from 1 to 3 carbon atoms. Alkenyl 
groups are included as alkyl groups, the methyl, ethyl, 
n-butyl and 2-ethylhexyl esters are preferred, and the 
:i -butyl and 2-ethylhexyl esters are especially 
desirable. In this invention, the ratio by weight of 
the components (A) / (B) must be from 1/9 to 9/1, and it 
is preferably from 2/8 to 7/3 and most desirably from 
25/75 to 50/50. If the amount of component (B) exceeds 
1/9 then the polymer obtained does not dissolve even in 
town water, and if the amount is less than 9/1 then the 
polymer dissolves in water which contains 0.5% salt and 
this is undesirable. Moreover, it is essential in the 
invention that from 2 to 7 0 mol%, preferably from 5 to 
65 mol%, and most desirably from 10 to 60 mol%, of the 
structural acrylic acid or methacrylic aid in the 
copolymer should be neutralized and take the form of a 



salt. If the neutralization rate is less 

than 2 mol% then the material is insoluble even in town 
water, while if the neutralization rate exceeds 70 mol% 
then the material dissolves even in water which 
contains 0.5% and this is undesirable. No particular 
limitation is imposed upon the method of 
neutralization, and it may either be neutralized after 
polymerization or the polymerization can be carried out 
after neutralizing the monomer, but the range of 
polymerization solvents which can be used is limited in 
the case of polymerization after neutralization of the 
monomer and so neutralization after polymerization is 
preferred. 
[0005] 

Examples of alkalis which can be used for the 
neutralization include sodium hydroxide, potassium 
hydroxide, lichium hydroxide, inorganic salts such as 
sodium carbonate, monoethanolamine, diethanolamixie, 
triethanolamine, diethylaminoethanol, ammonia, 

trimethylamine , triethylamine , tripropylamine , 

morpholine and such like amines, but the conjoint use 
of ethanolamine and sodium hydroxide or potassium 
hydroxide, or the ethanolamines , is preferred. The 
polymers of the invention must satisfy the 
abovementioned conditions, and they are preferably of 
average molecular weight from 5,000 to 100,000, and 
most desirably of molecular weight from 10,000 to 
50,000. The polymers which are used as binders for 



nonwoven fabrics of this invention can be 

polymerized using a variety of known methods, but the 
polymerization is best carried out using the solution 
polymerization method. A lower alcohol, such as. 
methanol, ethanol or 2-propanol, mixtures of water with 
these lower alcohols, or solvent mixtures comprising 
water and lower ketone, such as acetone or methyl ethyl 
ketone, can be used for the polymerization solvent. 
The amount of water used in the solvent when a solvent 
mixture which includes water is being used is from 10 
to 50%, and preferably from 20 to 35%. 
[G0C6] 

Provided that it is soluble in the solvent which 
is being used, no particular limitation is imposed upon 
the polymerization initiator and, for example, 2,2'- 
azobisisobutyronitrile, 2,2' -azobis (2-methylbutyro- 

nitrile) , 2,2' -azobis (2, 4 -dimethylvalaronitrile)* , 

2,2' -azobis (2-amidinopropane) di-hydrochloride salt and 
2,2' -azobis (N, N' -dimethyleneisobutylamidine) can be 
used, and the amount used is from 0.02 to 5% with 
respect to the monomer. The polymerization temperature 
differs according to the polymerization solvent which 
is being used, but it is from 50 to 80°C, and the 
polymerization time is from 3 to 8 hours. 
[0007] 

Effect of the Invention 

By means of this invention there are provided 
binders for nonwoven fabrics comprising polymers which 



are soluble in town water but which do not dissolve 
in water which contains more than 0.5% of neutral 
inorganic salts comprising mono-valent ions. Hence, 
nonwoven fabrics which have been made using binders of 
this invention can be used ideally as the nonwoven 
fabrics in disposable diapers, sanitary products and 
surgical dressings for example. Moreover, the water 
soluble polymers which are used as binders for nonwoven 
fabrics of this invention can be formed into films and 
used ideally as parts for products which come into 
contact with various types of bodily fluid (urine, 
blood etc.). That is to say, they are able to prevent 
the leakage of bodily fluids to the outside in use and, 
after use, the products can be disposed of by flushing 
down the toilet for example. Examples of such 

applications include the leak-proof films of disposable 
diapers and sanitary products. Furthermore, they can 
be used . in the form of a solution to detect the 
presence, of salt-containing aqueous solutions. The 
invention is described in more detail below by means of 
illustrative examples, but the invention is not limited 
by these examples . 
[0008] 

Illustrative Example 
Example 1 

Acrylic acid (22.5 g) , 27.5 g of 2-ethylhexyl 
acrylate, 130 g of acetone and 40 g of ion exchanged 
water were introduced into a 500 ml capacity four- 



nec ^ed separable flask which had been furnished 
with a stirrer, a reflux condenser and a nitrogen 
delivery tube and, after obtaining a homogeneous 
solution, nitrogen gas was supplied from the nitrogen 
delivery tube while the mixture was being stirred. 
After 20 minutes, an initiator solution comprising 0.38 
g of 2 , 2 ' -azobisisobutyronitrile in 30 g of acetone was 
added, the mixture was heated in a water bath at 60°C 
and polymerization was carried out for 6 hours at 60°C 
while delivering nitrogen, and then the mixture was 
cooled to room temperature and. neutralization was 
carried out by adding 7.1 g of a 2 0% monoethanolamine 
aqueous solution. The solid fraction of the polymer 
solution obtained measured using a Ketto water-fraction 
meter was 19.2% (average molecular weight 13,000). 
This polymer solution (30 g) was taken and 22.1 g- of 
acetone and 5.5 g of ion exchanged water were added to 
prepare a 10% polymer solution. Next 5 g of -this 
polymer solution was poured into a 10 cm square region 
formed with silicon rubber on a polyethylene sheet 
which had been placed on a flat bench and a film was 
obtained on leaving this to stand for 2 days under 
constant temperature and humidity conditions of 25°C and 
50% RH. The thickness of the film obtained differed 
according to the location at which the measurement 
made, but it was within the range from 35 (X to 50 ^m. 
[0009] 



The results obtained on carrying out 

dissolution tests using the method outlined below with 
the film obtained are shown in Table 1. 
Dissolution Test method 

The polymer film obtained (about 0.1 g) was cut 
into 5 mm squares and introduced into a styrene bottle 
of capacity 40 ml and then 20 g of eicher town water or 
0.5% salt water was added and the contents were scirred 
using a magnetic stirrer at room temperature and . the 
time take to achieve dissolution was measured. If 
dissolution had not occurred even after 3 hours, had 
passed then the material was adjudged to be insoluble-. 
Moreover, water obtained by dissolving 60 mg/1 of 
calcium chloride and 120 mg/1 of sodium chloride in ion 
exchanged water was used for the town water (same 
hereinafter) . 
[0010] 



Table 1 



Town Water 


0.5% Salt Water 


Dissolved in 15 minutes 


Insoluble 



[0011] 
Example 2 

Acrylic acid (35 g) , 15 g of butyl acrylate, 130 
g of acetone and 40 g of ion exchanged water were 
introduced into a 500 ml capacicy four-necked separable 
flask which had been furnished with a stirrer, a reflux 
condenser and a nitrogen delivery tube and, after 



obtaining a homogeneous solution, nitrogen gas was 
supplied from the nitrogen delivery tube while the 
mixture was being stirred. After 20 minutes, an 
initiator solution comprising 0.49 g of 2,2'-azobis- 
isobutyronitrile in 30 g of acetone was added, the 
mixture was heated in a water bath at 60°C and the 
polymerization was started. After carrying out the 
polymerization for 5 hours at 60°C while delivering 
nitrogen, the mixture was cooled to room temperature. 
The solid fraction of the polymer solution obtained 
measured using a Ketto water-fraction meter was 20.1% 
(average molecular weight 23,000). This polymer 

solution (30 g) was taken and 1.8 g- of a 10% 
mono ethanol amine aqueous solution, 25.5 g of acetone 
and 4.8 g of ion exchanged water were added to prepare 
a 10% polymer solution, and then a polymer film was 
obtained ...in the same way as in Example 1. 
[0012] 
Example 3 

Polymerization was carried out in the same way as 
in Example 2 except that 15 g of acrylic acid, 35 g of 
butyl acrylate, and 0.40 g of azobisisobutyronitrile 
were used. The solid fraction of the polymer solution 
obtained measured using a Ketto water-fraction meter 
was 19.8% (average molecular weight 18,000). This 
polymer solution (30 g) was taken and 6.0 g of a 10% 
monoethanolamine aqueous solution, 27.8 g of acetone 
and 1.6 g of ion exchanged water were added to prepare 



a 10% polymer solution, and then a polymer film 
was obtained in the same way as in Example 1. 
Comparative Example 1 

Polymerization was carried out in the same way as 
in Example 2 except that 47.5 g of acrylic acid, 2.5 g 
of butyl . acrylate, and 0.56 g of azobisisobutyroni trile 
were used. The solid fraction of the polymer solution 
obtained : measured using a Ketto water-fraction meter 
was; 20.2% (average molecular weight 38,000). • This 
polymer solution (30 g) was taken and 24.5 g of acetone 
and. 6.1 g of ion exchanged water were added to prepare 
a 10% polymer solution, and then a polymer film was 
obtained in the same way as in Example 1. 
Comparative Example 2 

The polymer solution (30 g) obtained in Example 2 
(solid fraction 20.1%) was taken and 24.5 g of acetone 
and 6 . 1 :.g of. ion exchanged water were added without 
adding monoethanolamine to prepare a 10% polymer, 
solution, ■ and then a polymer film was obtained in the 
same way as in Example 1 . 
Comparative Example 3 

The polymer solution (30 g) obtained in Example 3 
(solid fraction 19.8%) was taken and 7.5 g of 10% 
monoethanolamine aqueous solution, 5.0 g of 10% sodium 
hydroxide aqueous solution and 29.4 g of ion exchanged 
water were added to prepare a 10% polymer solution, and 
then a polymer film was obtained in the same way as in 
Example 1. 



[0014] 

Comparative Example 4 

Acrylic acid (2.5 g) , 47.5 g of butyl acrylate 
and 170 g of methanol were introduced into a 500 ml 
capacity four-necked separable flask which had been 
furnished with a stirrer, a reflux condenser and a 
nicrogen delivery tube and, afcer obtaining a 
homogeneous solution, nitrogen gas was supplied from 
the nitrogen delivery cube while the mixture was being 
stirred. After 20 minutes, an initiator solution 
comprising 0.33 g of azobisisobutyronitrile in 30 g of 
methanol was added, the mixture was heated in a- water 
bath at 60°C and the polymerization was started. After 
carrying out the polymerization for 7 hours at. 60°C 
while delivering nitrogen, the mixture was cooled co 
room temperature. The solid fraction of the polymer 
solution .obtained measured using a Ketto water-fraction 
meter was 19.3% (average molecular weight 11,00.0). 
This polymer solution (30 g) was caken and 1.23 g of a 
10% monoethanolamine aqueous solution, 0.80 g of 10% 
sodium hydroxide aqueous solution and 27.9 g of 
methanol were added to prepare a 10% polymer solution, 
and then a polymer film was obtained in the same way as 
in Example 1. The dissolution test results obtained in 
the same way as in Example 1 using the polymer films 
obtained in Examples 2 and 3 and Comparative Examples 1 
to 4 are shown in Table 2 . 
[0015] 



Table 2 



Film 


Copolymer 
Composition 
AAC/BA* 
(wt) 


Neutralization 
Rate of the 
Acrylic Acid 
Part (mol%) 


Town Water 
Solubility 


0.5% Salt 

Water 
Solubility 


Comp . Ex . 1 


95/5 


0 


12 min. 


18 min. 


Comp . Ex . 2 


70/30 


0 


Insoluble 


Insoluble 


Example 2 


70/30 


5 


10 min. 


Insoluble 


Example 3 


30/70 


40 


17 MIN. 


Insoluble 


Comp . Ex . 3 


30/70 


100 


7 min. 


9 min. 


Comp. Ex. 4 


5/95 


100 


Insoluble 


Insoluble 



* AAC: Acrylic Acid, 3A: Butyl Acryla'te 

[0016] 
Example 4 



Acrylic acid (35 g) , 55 g of 2-ethylhexyl 
acrylate : and 120 g of methanol were introduced into a 
500 ml capacity four-necked separable flask which had 
been furnished with a stirrer, a reflux condenser and a 
nitrogen delivery tube and, after obtaining a 
homogeneous solution, nitrogen gas was supplied from 
the nitrogen delivery tube while the mixcure was being 
stirred. After 20 minutes, an initiator solution 
comprising 0.69 g of azobisisobutyronitrile in 30 g of 
methanol was added, the mixture was heated in a water 
bath at 60°C and the polymerization was started. After 
carrying out the polymerization for 8 hours at 60°C 
while delivering nitrogen, the mixture was cooled to 



room temperature. The solid fraction of the 

polymer solution obtained measured using a Ketto water- 
fraction meter was 37.8% (average molecular weight 
14,000). This polymer solution (30 g) was taken and 
6.7 g of a 10% monoethanolamine aqueous solution, 2.2 g 
of 10% sodium hydroxide aqueous solution and 83.4 g of 
methanol were added to prepare a 10% polymer solution, 
and then a polymer film was obtained in the same way as 
in Example 1 (acrylic acid neutralization rate 30 
mol%) . On carrying out dissolution tests in the same 
way as in Example 1 the polymer film dissolved in town 
water in 25 minutes but was insoluble in 0.5% salt 
water . 
[0017] 
Example 5 

Acrylic acid (15 g) , 25 g of 2-ethylhexyl 
acrylate,. 10 g of methyl ■ acrylate and 170 g of methanol 
were introduced into a 500 ml capacity four-necked 
separable flask which had been furnished with a 
stirrer, a reflux condenser and a nitrogen delivery 
tube and, afcer obtaining a homogeneous solution, 
nitrogen gas was supplied from the nitrogen delivery 
tube while the mixture was being stirred. After 2 0 
minutes, an initiator solution comprising 0.38 g of 
azobisisobutyronitrile in 30 g of methanol was added, 
the mixture was heated in a water bath at 60°C and the 
polymerization was started. After carrying out the 
polymerization for 8 hours at 60°C while delivering 



nitrogen, the mixture was cooled to room 

temperature. The solid fraction of the polymer 
solution obtained measured using a Ketto water-fraction 
meter was 19.4% (average molecular weight 12,000). 
This polymer solution (30 g) was taken and 3.7 g of a 
10% monoethanolamine aqueous solution and 28.2 g of 
methanol were added to prepare a 10% polymer solution, 
and then a polymer film was obtained in the same way as 
in Example 1 (acrylic acid neutralization rate 25 
mol%). On carrying out dissolution tests in the same 
way as in Example 1 the polymer film dissolved in town 
water in 12 minutes but was insoluble in 0.5% salt 
water. 
[0013] 

Reference Example 1 

The 10% polymer solution obtained in Example 1 
(22.5 g) was poured onto a polyethylene sheet on which 
a rectangle measuring 15 cm x 30 cm had been 
partitioned off with silicon rubber and a polymer film 
was obtained by leaving this to stand for 2 days under 
conditions of constant temperature and humidity at 2 5°C 
and 50% RH. The film obtained was cut to a size of 10 
cm x 22 cm and then cotton-wool type pulp was spread on 
the top over an area measuring 7 cm x 16 cm to a height 
of about 5 mm at a rate of 2 0 g/m 2 and then the whole 
unit was wrapped up in a surface sheet ( thermo fusible 
nonwoven fabric comprising 50% polyester fibres and 50% 
thermofusible fibres (Chisso ES) , weight 20 g/m 2 ) and 



che two short ends were heat sealed to provide a 
sanitary napkin. An acrylic sheet was established on 
two supports of equal height separated by a distance of 
about 15 cm and a single 11 cm sheet of No. 2 filter 
paper was placed over the top and then the sanitary 
napkin was placed on the filter paper. Next 5 ml of 
imitation blood in which water soluble dye (Red No. 504) 
had been dissolved was applied to the centre of the 
sanitary napkin and an acrylic plate and a 5 kg weight 
were placed over the top. A mirror was placed between 
the- two supports and the state of the filter paper was 
observed, but no leakage of the imitation blood onto 
the filter paper was seen even after 4 hours. -The 
napkin with which the test had been carried out was the 
taken apart and the film was recovered and introduced 
into a beaker which contained 1 litre of the town water 

(prepared in the same way as in Example 1) and the 
.contents were stirred- slowly using a magnetic stirrer, 
whereupon the film started to disperse after 15 minutes 
and had dissolved and disappeared after 30 minutes. 

[0019] 
Example 6 

Methacrylic acid (50 g) , 50 g of butyl 
methacrylate and 120 g of methanol were introduced into 
a 500 ml capacity four-necked separable flask which had 
been furnished with a stirrer, a reflux condenser and a 
nitrogen delivery tube and, after obtaining a 
homogeneous solution, nitrogen gas was supplied from 



the nitrogen delivery tube while the mixture was 
being stirred. After 20 minutes, an initiator solution 
comprising 0.67 g of azobisisobutyronitrile in 30 g of 
methanol was added, the mixture was heated in a water 
bath at 60°C and the polymerization was started. After 
carrying out the polymerization for 8 hours at 60°C 
while delivering nitrogen, the mixture was cooled to 
room temperature. The solid fraction of the polymer 
solution obtained measured using a Ketto water-fraction 
meter was 37.3% (average molecular weight 9,000). This 
polymer solution (30 g) was taken and 15.8 g of a 10% 
monoethanolamine aqueous solution and 66.1 g of 
methanol were added to prepare a 10% polymer solution, 
and then a polymer film was obtained in the same way as 
in Example 1 (acrylic acid neutralization rate 40 
mol%). On carrying out dissolution tests in the same 
way as in Example 1 the polymer film dissolved in town 
ater in 20 minutes but was insoluble in 0.5% salt 
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water 



